Because the causes of conotruncal cardiac defects are poorly understood, a case-control study was conducted to investigate maternal risk factors for conotruncal cardiac defects . Eligible cases included all infants who were born from 1976 through 1980 to residents of the five county metropolitan Atlanta area and diagnosed with truncus arteriosus, transposition of the great arteries or tetralogy of Fallot . Eligible control infants were a sample of comparable infants without birth defects . Maternal interviews were conducted for 73% (83 of 114) of eligible cases and 7 % (1,303 of 1,804) of eligible control infants.
Risk Factors for Conotruncal Cardiac Defects in Atlanta
MELISSA M . ADAMS, PHD,* JOSEPH MULINARE, MD, MSPH,* KENNETH DOOLEY, MDt Atlanta, Georgia Because the causes of conotruncal cardiac defects are poorly understood, a case-control study was conducted to investigate maternal risk factors for conotruncal cardiac defects . Eligible cases included all infants who were born from 1976 through 1980 to residents of the five county metropolitan Atlanta area and diagnosed with truncus arteriosus, transposition of the great arteries or tetralogy of Fallot . Eligible control infants were a sample of comparable infants without birth defects . Maternal interviews were conducted for 73% (83 of 114) of eligible cases and 7 % (1,303 of 1,804) of eligible control infants.
The results showed increased risks associated with maternal diabetes (odds ratio 5 .6 ; 90% confidence interval .5 to 15 .6), maternal stress related to job loss, divorce, Conotruncal defects such as truncus arteriosus, transposition of the great arteries, double outlet right ventricle and tetralogy of Fallot are so named because they result from abnormalities in development of the conotruncal region of the heart . Evidence from genetic studies (1) (2) (3) in animals and humans suggests that conotruncal defects are etiologically related . This possibility is further supported by animal experiments (4) that have shown that extirpation of cephalic neural crest cells results in persistent truncus arteriosus and transposition of the great arteries .
As with many other cardiac defects, the causes of conotruncal defects in humans are poorly understood (5, 6) . The risk factors that have been identified, such as the risk for transposition of the great arteries related to maternal diabetes, can account for only a small proportion of these defects (5) . To generate etiologic hypotheses, we reviewed the separation or death of a close friend or relative (odds ratio .4; 90% confidence interval 1 .4 to 4 . ) and a history of a sibling with a cardiac defect (odds ratio 4 .8 ; 90% confidence interval . to 10 .5) . The statistical power of the data was adequate to rule out threefold or greater increases in risk for a wide variety of other exposures, including maternal illnesses other than diabetes, contraceptive use, nonmedicinal drugs (for example, coffee, tea, alcohol, cigarettes, street drugs), employment and education . This populationbased study offers no clues that could explain either the high rate of transposition of the great arteries or the temporal trend of an increasing rate of tetralogy of Fallot in Atlanta .
(.1 Am Coll Cardiol 1989;14 : 43 -4 ) descriptive epidemiology and conducted a case-control study of conotruncal defects . The purpose of the review was to detect temporal trends or racial differences in the birth prevalence rates of conotruncal defects and to compare Atlanta's rates with those observed elsewhere . For the case-control study, mothers of a population-based sample of infants with conotruncal defects were interviewed about a wide range of exposures occurring just before conception and during early gestation . Their responses were compared with those of mothers of infants without birth defects .
Methods
Study cases . Live-born or stillborn infants who were delivered to residents of the five county metropolitan Atlanta area from 1976 through 1980 and who were diagnosed with truncus arteriosus, aortopulmonary window, transposition of the great arteries (dextro-, levo-or unspecified), double outlet right ventricle and tetralogy or pentalogy of Fallot were eligible for the study . These infants had been prospectively identified by the Metropolitan Atlanta Congenital Defects Program, a population-based birth defects registry that has operated in metropolitan Atlanta since 1968 . The Atlanta program seeks to identify all babies with birth defects who are diagnosed during their first year of life . Details of the surveillance system are given elsewhere (7) .
Infants with interrupted aortic arch type B were not included because this diagnosis cannot be uniquely identified in this program registry .
Because the goal of the case-control study was to generate etiologic hypotheses, we excluded five infants whose conotruncal defects were probably related to chromosomal or genetic defects rather than to an adverse maternal exposure in early gestation . Of these infants, three had trisomy- Control infants. Live-born infants who were delivered to residents of the greater metropolitan Atlanta area from 1976 through 1980 were eligible to be control subjects . Additional requirements stipulated that a potential control infant was not included in the Metropolitan Atlanta Congenital Defects registry, was not described by his or her mother as having a birth defect that was later confirmed by chart review and did not have a sibling registered in the registry . The first two requirements ensured that the control infant did not have a birth defect, and the third requirement ensured that the same mother did not contribute information for a control infant as well as a study infant .
Control infants were selected from a review of birth certificates and were category-matched by race, calendar quarter of birth and hospital of birth to all infants with serious structural birth defects ascertained by the Metropolitan Atlanta Congenital Defects Program . In essence, the eligible control infants approximated a representative sample of 1 .5% of the 140,000 live births in metropolitan Atlanta from 1976 through 1980 . Because birth certificate data were used to select control infants, the small number of infants whose certificates lacked data for race, hospital of birth or date of birth were excluded, as were infants whose birth certificates showed that they had been adopted .
Exclusion of the nine potential control infants who had a sibling registered in the Atlanta defects registry resulted in an artificial decrease in the number of control infants who had siblings with birth defects . For another study, the mothers of these nine excluded control infants were interviewed about the presence of defects in themselves and in the infants' fathers, and siblings . For the analyses of the as part of a larger study of birth defects in Atlanta (8) . Using information from birth certificates, workers traced the mothers of all subjects by a standard method . After identifying a current address and telephone number, study personnel mailed each mother an introductory letter . We used the Taylor series approximation to compute confidence intervals (10) . Because the study's goal was to generate hypotheses about the causes of conotruncal defects, we computed 90% confidence intervals instead of more traditional 95% confidence intervals .
Associations with confidence intervals that excluded 1 were set aside for detailed review of ancillary data . These data aided in assessing the plausibility of the association . For associations that were not statistically significant (that is, p > 0 .10), we used the method of Oliphant and McHugh (11) to estimate the smallest odds ratio > 1 for which the statistical power for detection was 0 .80 with the available data, assuming a two-tailed test and alpha = 0 .10 .
Results
Birth prevalence of conotruncal defects ( Table 1 ) . Figure 1 shows birth prevalence rates of truncus arteriosus, transposition of the great arteries and tetralogy of Fallot in metropolitan Atlanta from 1970 through 1984 for all infants . For ease of presentation, the data were collapsed into year periods . Table 1 Participation rate (Table ) . Overall, the mothers of 73% (83 of 114) of eligible case infants and 7 % (1,303 of 1,804) of eligible control infants were interviewed . The percent of interviews by the infant's year of birth varied from 70% to 76% for case infants and from 68% to 78% for control ADAMS ET AL . 435 RISK FACTORS FOR CONOTRUNCAL DEFECTS infants . For case as well as control infants, a higher proportion of white than of non-white mothers were interviewed .
Information for calculating participation rates by the infant's gender and by maternal age at the infant's birth was available only for cases . Among cases, participation rates were lowest for mothers who were aged < 0 years or >_35 years at the time of the infant's birth . Differences in participation rates by the infant's gender were small .
As observed by others (13), a high proportion (57%) of case infants were male . Participation rates by diagnosis were as follows : 1) truncus arteriosus 85% (11 of 13), ) transposition of the great arteries 70% (44 of 63), and 3) tetralogy of Fallot 76% ( 8 of 38) . The mother of the only infant with pentalogy of Fallot was not interviewed . When mothers of eligible subjects were not interviewed, the most common reasons were 1) failure to locate the mother (61% of eligible case and 54% of eligible control mothers not interviewed), and ) the mother's refusal to participate (13% of eligible case and 1% of eligible control mothers not interviewed) .
Other reasons included language barrier and death of the mother .
Family history : parents (Table 3) . Mothers were asked to describe any birth defects that had been diagnosed by a doctor during the first year of life in themselves, their husbands and the full siblings of the case or control infant . 1,31 control parents had a cardiac defect ; no infant had parents with a cardiac defect . One case mother had a heart murmur and one case father had a "hole in the heart," possibly a ventricular septal defect . Eleven control mothers and 10 control fathers had a heart murmur . One control father had tetralogy of Fallot and another had a possible aortic valve defect . The proportion of case infants with a parent who had a congenital cardiac defect did not differ from that for control infants (Fisher's exact test, p = 0 .44) .
One case parent and 7 control parents had an extracardiac defect ; no infant had parents with an extracariac defect . One case father had probable hydrocephalus . The extracardiac defects among the control parents were varied and included albinism, congenital cataract, cleft lip, cleft palate, kidney abnormalities, congenital dislocated hip, polydactyly and spina bifida . The difference in the frequency of extracardiac defects between case and control parents was not statistically significant (Fisher's exact test, p = 0 .50) .
Family history : siblings (Table 4) . Because the opportunity for having a sibling with a defect increases with the number of siblings, the results are stratified by sibship size . None of the case or control infants had more than one sibling with a birth defect . Six of the 83 case infants and 1 of the 1,31 control infants had a sibling with a cardiac defect . The cardiac defects among siblings of case infants included heart murmur (3 infants), "hole in heart" (1 infant), probable patent ductus arteriosus (1 infant) and transposition of the great arteries (1 infant) ; those among siblings of control infants included heart murmur (13 infants), congenital heart defect not otherwise specified (3 infants), ventricular septal defect ( infants) and "hole in heart" (I infant) . Among the six case infants with affected siblings, one had truncus arteriosus, two had transposition of the great arteries and three had tetralogy of Fallot . The crude odds ratio for having a sibling with a cardiac defect was 4 .79 (90% confidence interval .18 to 10 .51) . Because case infants tended to have more siblings than did control infants and, hence, had more opportunity to have a sibling with a defect, the odds ratio adjusted for number of siblings was slightly lower than the crude odds ratio (adjusted odds ratio 4 .56 ; p < 0 .0006) . To further evaluate the association, we checked for a maternal history of diabetes . The mother of one case infant, whose sibling had transposition of the great arteries, was diabetic . No control mother was diabetic . Data were not available for the mothers of nine control infants .
One case infant and 9 control infants had a sibling with an extracardiac defect (odds ratio 0 .54 ; 90% confidence interval 0 .10 to .91) . The defect in the case sibling was pyloric stenosis ; the defects in control siblings were varied and included spina bifida, hydrocephalus, dislocated hip, club foot, trisomy 13, trisomy 1 and conjoined twins . Maternal illness and drug use not related to pregnancy (Table 5) . Except for diabetes, no long-term maternal illness or drug use had statistically significant associations with the risk for conotruncal defects . The data were adequate to rule out the following : 1) threefold or greater increases in the risks for maternal asthma, fever, flu, hypertension, hypothyroidism, kidney infection and nonrheumatic heart disease ; and ) fivefold or greater increases in the risks for epilepsy, general anesthesia, hyperthyroidism and tranquilizers . Exposure to tranquilizers was defined as maternal use of Valium (diazepam), Librium (chlordiazepoxide), Equanil (meprobamate), Haldol (haloperidol), Compazine (prochlorperazine), Quaaludes (methaqualone) or other tranquilizers .
We used ancillary data to further evaluate the 5 .5 fold increased risk associated with maternal diabetes . Of the six ADAMS ET AL .
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case infants whose mothers were diabetic, five had transposition of the great arteries and one had truncus arteriosus . The odds ratio was 9 .13 (90% confidence interval 3 .81 to 1 .81) for transposition of the great arteries and 7 .1 (Fisher exact test, p = 0 .15) for truncus arteriosus . Of the six case mothers who reported having diabetes, four said that they took medication for it and three said they had been diagnosed before the age of 18 years . In contrast, only 6 of the 18 control mothers who said that they had diabetes took medication for it, and 5 of the 18 said they had been diagnosed before the age of 18 years .
Maternal fertility and contraceptive use ( Table 6 ) . None of the associations for the conditions or exposures shown in Table 6 are statistically significant . The variables relating to contraceptive use pertain to maternal practices during the 3 months before conception and the first month of gestation . Mothers were asked specifically about their use of each type of contraceptive ; a summary variable-"any contraceptive use"-was derived by pooling the responses for all contraceptives . The variables relating to fertility were derived from two questions : 1) "Did you go to a doctor or clinic to talk about ways of helping you become pregnant?" and ) "Did you take Clomid (clomiphene citrate) to help you become pregnant?" Both questions refer to the interval preceding conception .
For the variable labeled "hormonal pregnancy test," mothers were asked whether they had taken pills or had had a "shot" to find out if they were pregnant . For the variable labeled "morning sickness," mothers were asked if they had had morning sickness or nausea at any time during pregnancy . Mothers who had had morning sickness were asked if they had taken medicine for it and, if so, the name of the medicine or medicines taken . Responses were used to iden- tify women who had taken Bendectin, a formulation of dicyclomine hydrochloride, doxylamine succinate and pyridoxine hydrochloride .
The data were adequate to rule out threefold or greater increases in the risks for any contraceptive use ; use of oral contraceptives, spermicides, contraceptive jelly, cream or foam ; fertility advice ; morning sickness ; medicine for morning sickness ; Bendectin and second or third parities . The data were adequate to rule out fourfold or greater increases in the risks for maternal intrauterine device or diaphragm use and fivefold or greater risks associated with Clomid or contraceptive inserts . Maternal habits and stress (Table 7) . Maternal use of coffee or tea, cigarettes or alcohol during the period from the month before conception through the 3rd month of gestation was not associated with the risk for conotruncal defects . The data were adequate to rule out a twofold or greater increase in the risks for cigarettes or alcohol and a threefold or greater increase in the risks for drinking coffee or tea or "binge" drinking (consumption of >_6 alcoholic drinks at one sitting) .
Maternal use of marijuana or hashish was not associated with the risk for conotruncal defects ; the data were adequate to rule out a twofold or greater increase in the risk for these agents . In contrast, use of benzodiazepines (Valium, Lib- rium or Serax) was associated with a threefold increase in the risk for conotruncal defects . The reported use of cocaine, heroin or methadone and LSD was too rare for meaningful analysis .
We reviewed ancillary data to evaluate the association with benzodiazepines . All 3 of the exposed case mothers and 14 of the 16 exposed control mothers had taken Valium . Two of the exposed case infants had transposition of the great arteries ; the third had truncus arteriosus . Because the mother of one of the infants with transposition of the great arteries was diabetic, we repeated the analysis, excluding diabetic mothers . The association was no longer statistically significant (odds ratio .41 ; 90% confidence interval 0 .68 to 8 .54) .
Three questions, referring to the period from 3 months before conception to 3 months after conception, measured maternal stress : 1) "Did anyone close to you die?" ) "Did you or anyone close to you lose a job?" 3) "Were you or was anyone close to you divorced or separated?" Table 7 shows that none of the associations for death, job loss and divorce or separation were statistically significant . The data were adequate to rule out a twofold or greater increase in risk .
In contrast to the associations for each type of stress, the associations for two or more stresses showed a .4-fold increase in risk for infants with conotruncal defects . When we excluded infants of diabetic mothers and recomputed the odds ratio, the results were essentially the same (odds ratio .46 ; 90% confidence interval 1,36 to 4 .46) . Of the 10 case infants whose mothers had had two or more stresses and were not diabetic, had truncus arteriosus, 7 had transposition of the great arteries and I had tetralogy of Fallot . The distributions of maternal stress by type were similar for case and control infants . None of the case mothers, but 1 of the control mothers, reported all three stresses . Information concerning the presence or absence of supportive family members or friends who helped the mother to cope with the stress was not available .
Maternal education and occupation (Table 8 ) . The mother's number of years of education was not associated with ADAMS ET AL .
risk for conotruncal defects (<1 versus > 1 years) . The data were adequate to rule out a twofold or greater increase in risk for <1 years of education . To account for the difference in opportunity for education between younger and older mothers, we repeated the analysis, restricting it to mothers aged >_ 0 years . The results were unchanged . Neither maternal employment at any type of job nor maternal employment as a teacher or nurse was associated with a risk for conotruncal defects . Although the association for maternal employment in the agriculture industry was statistically significant, the wide confidence interval (3 .05 to 84 .54) shows that the result is not stable . The data were adequate to rule out an eightfold or greater increase in risk for maternal employment in the beauty industry and a threefold or greater increase in risk for maternal employment in the health industry .
Discussion
The results of this study are simultaneously encouraging and discouraging . One is encouraged that, in these data, nearly all of the common exposures that were examined are not strong risk factors for conotruncal defects . Not detecting a risk factor that can be changed to reduce the frequency of these defects, however, is discouraging . The study offers few leads for further investigation and no clues that could explain either Atlanta's high rate of transposition of the great arteries compared with rates observed elsewhere or its trend of an increasing rate of tetralogy of Fallot .
Limitations of the study design : maternal recall . Several factors may have reduced the likelihood of detecting associations that existed . Because interviews were conducted >_3 years after conception, respondents may have forgotten some exposures . If these omissions occurred to the same extent for case and control mothers, the odds ratios would not be biased, but the statistical power of the study would be reduced . In other words, the study would be less able to detect increases in risk . If the extent of these omissions differed for case and control mothers, the results would be biased . For example, if case mothers reported exposures more completely than control mothers, the estimated odds ratios for risk factors would be falsely inflated . Unfortunately, for the data at hand, we lack an independent measure of the presence or absence of these types of response biases .
A related issue concerns the specificity of maternal descriptions of birth defects in family members . A relatively strong association was observed for the association between the history of a sibling with a cardiac defect and the risk of conotruncal defects . With the available data, we cannot determine whether the association is best attributed to an environmental factor that is concentrated among certain families or to a genetic factor . Furthermore, the vagueness of maternal descriptions of the cardiac defects casts doubt on the validity of the association . Because the possibility that case mothers reported minor or questionable defects among their children more frequently than did control mothers cannot be ruled out, the association should be interpreted with caution .
Another factor that may have influenced the detection of associations is the mother's awareness of when conception occurred. Most of the questions asked specifically about the month before conception and the first 3 months of pregnancy . If the mother thought that conception occurred earlier or later than it had occurred, maternal exposures during organogenesis could be underreported . We addressed this problem by using a wide definition of exposure . An infant was categorized as exposed if exposure occurred in any of the 4 months listed previously . A disadvantage of this approach, however, is that the group categorized as exposed may include some infants who were exposed only after organogenesis . Grouping of diagnoses . Another aspect of the study design that may have reduced our ability to detect associations was analysis of all of the conotruncal diagnoses in one group . The primary consideration favoring this approach stems from the results of earlier studies suggesting that conotruncal defects are etiologically related . Balanced against this consideration is the possibility that the defects are etiologically heterogeneous . This possibility is supported by differences in their descriptive epidemiology : a temporal trend is apparent for tetralogy of Fallot, but not for transposition of the great arteries or truncus arteriosus ; and an association with race is apparent for transposition, but not for truncus arteriosus or tetralogy . If the defects are etiologically heterogeneous, lumping them together in the analysis could have obliterated all but very strong associations . This possibility seems unlikely because, except for the association for maternal diabetes, the exposed case infants were not restricted to a particular diagnosis for the associations that were detected .
Exposure combinations . Lastly, analyzing each exposure separately instead of in combination with other exposures may have impeded detecting associations . From a practical JACC Vol . 14, No .
August 1989:43 -4 viewpoint, however, analyzing multiple exposures would have been nearly impossible because of the very small number of subjects with any given exposure . The only exposure likely to be a strong risk factor for conotruncal defects is maternal diabetes, and we accounted for it when evaluating other statistically significant associations . Because the observation of an association for maternal diabetes is consistent with previous observations (5), its presence lends credence to the results-failure to detect this association would have called the validity of the data into question . Direction for future research . The results suggest that the presence of a sibling with a cardiac defect, maternal diabetes and maternal stress are risk factors for conotruncal defects . The role of maternal stress needs to be validated in other data . If this role is confirmed, the biologic mechanisms by which maternal stress causes conotruncal defects will need to be elucidated .
Beyond this, however, broader strategies are needed to elucidate other risk factors . One possibility is analyzing special types of exposures (for example, behaviors or environmental exposures) . Routine retrospective interviews alone may not obtain adequate data for such analyses . Information about environmental exposures can be developed by linking information from interviews about usual activities (for example, do you usually drink tap water or bottled water?) and appropriate biologic and environmental samples . Because of the expense of gathering these types of exposure data, their associations with birth defects have not been well explored .
Another strategy is investigating temporal and/or geographic clusters of conotruncal defects, or both . The rationale for this approach assumes that the defect cluster is caused by a high rate of exposure to a teratogen in a susceptible and circumscribed population . The investigator hopes that the increased frequency of the teratogen will facilitate its detection . The implementation of this strategy requires long-term surveillance of birth defect rates for detecting clusters .
Conclusions . The results of this study suggest that most commonly encountered maternal exposures are not strong risk factors for conotruncal defects . Two exceptions, which have been similarly observed by other investigators to increase the risk for conotruncal defects, are a history of a sibling with a cardiac defect and maternal diabetes . A third exception is maternal stress, defined as the occurrence during the periconceptional period of two or more of the following : job loss, divorce or separation or death of a clese friend or relative . Confirmation of the association between maternal stress and an increased risk for conotruncal defects is needed from other data . Other approaches to elucidating the causes of conotruncal defects include epidemiologic investigations of environmental exposures and temporal or geographic clusters of defects .
